Banks' liquidity holdings are comfortably above legal or prudential requirements in most Central American countries. While good for financial stability, high systemic liquidity may nonetheless hinder monetary policy transmission and financial markets development. Using a panel of about 100 commercial banks from the region, we find that the demand for precautionary liquidity buffers is associated with measures of bank size, profitability, capitalization, and financial development. Deposit dollarization is also associated with higher liquidity, reinforcing the monetary policy and market development challenges in highly dollarized economies. Improvements in supervision and measures to promote dedollarization, including developing local currency capital markets, would help enhance financial systems' efficiency and promote intermediation in the region. JEL Classification Numbers: E44, G21, O16
I. INTRODUCTION
This paper studies the determinants of banks' liquidity buffers in Central America, 1 Panama and the Dominican Republic (CAPDR) using a panel of about 100 commercial banks over 2006-10. In particular, the paper examines whether CAPDR banks' liquidity buffers, defined as the liquid assets to deposits ratio, can be explained by bank and country-level characteristics, as predicted by theory and documented in some empirical studies. Of particular interest for the region is whether liquidity holdings are related to bank ownership (are public or foreign banks different?) or the economy's degree of dollarization.
CAPDR banking systems are highly liquid. Holdings of liquid assets as a share of total deposits averaged about 28 percent for the region in 2010, while reserve requirements were set at about 17 percent on average (Figure 1 ). Liquidity ratios are also high compared to larger South-American countries; liquidity ratios averaged about 15 percent for Brazil, Chile and Colombia in 2010. For monetary and supervisory authorities, ensuring that banks hold adequate amounts of high-quality liquid assets is essential for financial stability, as highlighted during the recent global financial crisis. However, if liquidity holdings are much above legal requirements, this may be costly in terms of foregone financial intermediation. Excess liquidity also hinders the development of interbank and money markets in all countries, and acts as "sand in the wheels" of the monetary transmission mechanism in countries with a monetary policy (Gray, 2011) . ¹ Liquid assets to deposits ratio. Liquid assets include cash, central bank reserves and deposits abroad. ² Liquidity requirements. ³ Observed liquidity. Legal liquidity requirement (30%) is calculated as the ratio of liquid assets including securities to short term deposits. From individual banks' point of view, holding sufficient liquidity is necessary to insure against liquidity risk Dybvig, 1983, Diamong and Rajan, 2001) . As loans are relatively illiquid, large and unexpected deposit withdrawals can lead to insolvency as it may be too costly or not possible to raise liquidity on short notice, due to capital market imperfections. Instead of self-insuring, banks could resort to other forms of financing, such as accessing interbank markets, central bank liquidity windows, or external credit lines. However, asymmetric information may lead to coordination failures on the interbank market, and external credit lines may freeze (as seen during the recent financial crisis), so that solvent but illiquid banks would still fail, absent a Lender of Last Resort (LOLR) (Rochet and Vives, 2004) . Thus banks hold a buffer of liquid assets as self-insurance, equating the marginal benefit of holding liquid assets to the marginal cost of alternative investments.
A priori, one would expect the self-insurance motive to be especially important in CAPDR. Capital markets are underdeveloped, interbank markets are thin, and LOLR arrangements remain limited or nonexistent. For the five partially dollarized economies, the high share of foreign currency assets and liabilities limits the ability of the central bank to act as a LOLR, while the two fully dollarized economies in the region, Panama and El Salvador, did not have a LOLR as of end-2010 (El Salvador formally approved the regulations to establish a liquidity facility in June 2012). Furthermore, while the region's predominant reliance on customer deposits is a likely reason for its resilience during the global financial crisis, it is also a potential source of vulnerability and calls for the holding of adequate liquidity buffers.
In line with theory and results from related empirical studies, we find that CAPDR banks' liquidity buffers are persistent, consistent with the notion that banks target an optimal amount of liquid asset coverage of deposits or total assets. Liquidity ratios depend on idiosyncratic factors such as bank size, profitability, and efficiency. Measures of financial development also matter. We find some evidence that foreign banks in the region tend to hold less liquidity than domestic banks, possibly reflecting their access to more diversified funding sources or less risky business models. Furthermore, we uncover a robust positive impact of the degree of deposit dollarization on the size of liquidity buffers. This suggests that not only deposit dollarization in itself, 2 but also its association with higher liquidity holdings, contributes to weaken the monetary transmission mechanism in partially dollarized economies and hinders the development of money and interbank markets.
The reminder of the paper is structured as follows. Section II briefly reviews the theoretical and empirical literature on the determinants of liquidity holdings. Section III provides some background information on CAPDR banking systems. Section IV describes the data and presents stylized facts on the distribution of banks' liquidity holdings. Section V discusses the econometric methodology and estimation results, and Section VI concludes.
II. DETERMINANTS OF BANKS' LIQUIDITY BUFFERS: LITERATURE REVIEW
The determinants of banks' liquidity buffers, as identified in the theoretical and empirical literature, can be classified into four broad categories. These are the opportunity costs of and shocks to funding, bank characteristics, macroeconomic fundamentals, and moral hazard motives, as discussed below.
Opportunity cost and shocks to funding
The early literature on bank liquidity uses the firm's theory of inventory decisions as a starting point. The cost of holding liquid assets (with low returns compared with other types of investments) is compared to the benefits of reducing risks of "running out" (Baltensperger, 1980, and Santomero, 1984) . These models predict that the size of liquidity buffers should reflect the opportunity cost of holding liquid assets rather than loans. It should also relate to the distribution of liquidity shocks that the bank may face, and in particular be positively related to the volatility of the funding basis as well as the cost of raising additional funds.
Using aggregate time-series data for Thailand, Agénor, Aizenmann and Hoffmaister (2000) find that banks' demand for precautionary reserves (measured as the log of excess reserves over total deposits), is positively related to the penalty rate, proxied by either the discount or the money market rate, as well as to the volatility of the cash to deposit ratio. Dinger (2009) finds in a panel of Eastern European banks that liquidity buffers are negatively related to the real deposit rate but positively related to the interbank rate.
Bank characteristics
The newer generation of models explaining firms' (including banks') liquidity demand relies on some form of market imperfection to explain why banks cannot raise instantaneous and unlimited amounts of liquidity (financial frictions). The market imperfection is asymmetric information, either in the form of moral hazard (Holmstrom and Tirole, 1998) or adverse selection (Kiyotaki and Moore, 2008) . Financially constrained banks would thus tend to hold more liquidity. 3, 4 Based on these models, bank characteristics affecting their ability to raise non-deposit forms of finance, such as bank size (small banks have more difficulties in accessing capital markets), profitability (more profitable banks can more readily raise capital and are thus less liquidity constrained), ownership (both public banks and foreign banks should be less liquidity-constrained than private and domestic banks, respectively, as public banks may have an implicit guarantee and foreign banks would have access to support from headquarters) 5 would affect banks' precautionary demand for liquidity buffers. Aspachs, Nier and Tiesset (2005) find that banks' liquidity buffers are related to bank characteristics such as loan growth and the net interest margin, with the coefficients on size and profitability being not significant. Kashyap and Stein (1997) and Kashyap, Rajan and Stein (2002) , using a large panel of U.S. banks, find a strong effect of bank size on holdings of liquid assets, with smaller banks being more liquid as they face constraints in accessing capital markets. Dinger (2009) also finds that smaller Eastern European banks hold more liquidity, but with nonlinearities, and that foreign banks hold less liquidity.
Bank ownership may not only exert a direct influence on liquidity holdings, but may also affect the regression slope through interactions with other explanatory variables. In particular, Aspach, Nier and Thiesset (2005) find that, for the UK, foreign banks' liquid asset holdings are not affected by the availability of a domestic lender of last resort, while local banks are. Furthermore, in their sample foreign banks' liquidity holdings tend to react less to changes in the domestic policy rate and GDP growth, suggesting overall that they are subject to a somewhat different set of constraints than their local counterparts.
Macroeconomic fundamentals
The models mentioned above also have implications for the cyclical behavior of liquidity demand. If capital markets are imperfect, the demand for liquidity should be countercyclical, as banks would hoard liquid assets during recessions and offload them in good times given more opportunities to lend. This suggests that liquidity buffers would be negatively related to measures of the output gap or real GDP growth, credit cycle, and policy interest rates.
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The counter-cyclicality of liquidity buffers limits the effectiveness of monetary policy in trying to inject liquidity to stimulate the economy in a recession: liquidity buffers would remain stable or increase but credit would not necessarily pick-up. Moreover, financial frictions in terms of capital market imperfections should be expected to vary with structural factors such as the degree of financial development and the quality of financial institutions.
Aspach, Nier and Tiesset (2005) find that UK banks' liquidity buffers are negatively related to real GDP growth and the policy rate. Agénor, Aizenmann and Hoffmaister (2000) and Saxegaard (2006) find that excess reserves are negatively related to the output gap and the policy rate in Thailand and in sub-Saharan Africa, respectively. Dinger (2009) finds that liquidity holdings are negatively related to real GDP growth and real per capita GDP. 5 Freixas and Holthausen (2005) . 6 Almeida, Campello and Weisbach (2004) develop and estimate on a large sample of U.S. manufacturing firms a model where financially constrained firms have a higher propensity to save cash out of cash flows.
Moral hazard and safety nets
In theory, the strength of the financial safety net and in particular the availability of a LOLR arrangement, should reduce the banks' incentives to hold liquidity buffers (Repullo, 2003) . Empirical studies of UK and Argentinian banks, where LOLR support is measured as the Fitch support rating and the availability of external credit lines in the context of the currency board, respectively, support this prediction (Aspach, Nier and Thiesset, 2005, and GonzalezEiras, 2003) . Dollarization or credit and/or deposits reduces the effectiveness of the domestic LOLR, as partially dollarized economies are subject to currency and liquidity risk, but the central bank cannot issue foreign currency (Gulde et al., 2004 and Broda, 2002) . One would thus expect banks to hold higher liquidity buffers, the higher the degree of deposit dollarization, though the incentives to hold such buffers would diminish in the presence of a large stock of central bank international reserves or external credit lines, as these would be a ready source of dollar liquidity in the case of a run on dollar deposits (Ize, Kiguel and LevyYeyati, 2005) . Using a sample of about 100 countries, De Nicoló, Honohan and Ize (2005) find that deposit dollarization is associated with higher solvency and liquidity risk measured by deposit volatility. To our knowledge no empirical study has focused on the effects of deposit dollarization on banks' liquidity.
III. SOME BACKGROUND ON CAPDR BANKING SYSTEMS
As a group of small open economies with strong linkages to the U.S. economy and various levels of dollarization, most countries maintain fairly stable de facto exchange rates against the U.S. dollar-although their formal monetary and exchange arrangements are quite heterogeneous. Two economies (Panama and El Salvador) are fully dollarized, three countries (Costa-Rica, Dominican Republic and Guatemala) have recently adopted or are moving toward inflation targeting, and Honduras and Nicaragua maintain crawling or tightly managed pegs.
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The monetary policy frameworks in the five partially dollarized economies rely on rules-based instruments such as standing facilities and reserve requirements, with only partial money market operations, and all but Nicaragua have a monetary policy interest rate (Medina Cas, Carrion-Menendez and Frantischek, 2011b) .
Reserve requirements in CAPDR are in line with those of the Latin America region, and average about 15 percent for local currency deposits and 15.5 percent for foreign currency ones (Appendix I, Table 1 and Figure 2 ) . The two officially dollarized economies rely on prudential liquidity requirements, held at the central bank in the case of El Salvador and by individual banks in the case of Panama (Appendix I). policy instruments, reserve/liquidity requirements are not actively managed in most countries, with the exception of El Salvador and Honduras (Appendix I, Table 2 ). With the exception of Panama, the region's banking systems are relatively small, highly concentrated and dollarized to various degrees (Table 1) . Panama stands out of the group in terms of the size of the system, which is four times greater than the sample average in terms of assets to GDP (Panama's offshore banks' assets represented only 50 percent of GDP at end-2010). In four countries (Honduras, Nicaragua, El Salvador and Panama) the share of foreign bank assets in total assets is more than 50 percent suggesting higher potential vulnerabilities from cross border linkages. While the presence of state banks is quite small in terms of number of banks and share of system's assets for the whole sample, state banks have a very strong presence in Costa Rica, with their assets accounting for 55 percent of total assets and 60 percent of deposits. Customer deposits are the main source of funding and show a high degree of dollarization, particularly in Nicaragua and Costa Rica. The share of short-term deposits is also relatively high in the region, although not in Panama. 9 Given this, excess liquidity is probably best analyzed in the context of single country time-series studies. In the panel context, our preferred definition of liquidity buffers for the empirical analysis in section IV.C is the liquid assets to deposit ratio. The liquid assets to total assets ratio is used for robustness checks. (1987 -91, 1994 -95), El Salvador (1989 , Nicaragua (1990-93), and Panama (1988-89) ,1/ a system-wide banking crisis in the Dominican Republic (2003-04) , and the failure a large and a medium-sized bank in Guatemala (2006-07) , the Central American countries strived to strengthen their supervisory frameworks. By 2010, CAPDR complied with more than half of the Basel Core Principles, though the performance was uneven across the region, with Panama showing the highest compliance and Costa Rica the lowest. The strengthening of financial supervision during the last decade has been relatively homogeneous between categories, but unequal by category within each country. The weakest areas in the region are risk-based supervision, cross-border consolidated supervision, and the fact that nonbank institutions frequently are outside the supervisory perimeter (Delgado and Meza, 2011) .
Financial safety nets remain incomplete. All countries, except Panama and El Salvador, have a LOLR (though El Salvador is in the process of formally implementing one), and deposit insurance schemes are in place in all but two countries (Costa Rica and Panama). Weaknesses in most countries are observed in providing legal protection to supervisors and regulating systemic risk.
The region's money and capital markets remain underdeveloped.2/ Interbank markets are thin, segmented, and often lack proper collateral. Despite the high level of liquidity in the banking sector, the absence of collateral in inter-bank transactions increases systemic vulnerability to bank failures. A lack of active repo operations also stalls the standardization of transactions in the interbank market (see FSSAs for the region). The number of equity and corporate bond listings are generally in the single digits and market-capitalization-to-GDP ratios are quite low. Due to legal and other obstacles, institutional investors intermediate a relatively small share of national savings. Thus, the principal investors in government securities are commercial banks and public sector entities such as pension or social security funds. Secondary public debt markets are shallow as government securities are mostly held to maturity. ____________________ 1/ Panama did not experience a typical banking crisis as the closure of the banking system for several months was due to the invasion of the country by the U.S. armed forces confronting the Noriega regime. There was no deposit runs prior or after the closure of the banks and there were no bank failures. However, this contributed to a significant output loss, estimated by some at 85 percent (Laeven and Valencia (2012) ). Jan-05 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11
Provisions/NPLs
Despite the global crisis, risk-adjusted capital ratios remain adequate... 
IV. DETERMINANTS OF BANKS LIQUIDITY BUFFERS IN CAPDR

A. Data and Variable Definitions
Our sample combines annual data for 96 CAPDR banks over 2006-10 from the BankScope data base, 10 with country-level macroeconomic fundamentals and structural variables drawn from regional monetary and supervisory authorities' websites and other publicly-available databases as described in Table 2 below and Appendix III, Table 1 . It covers 72 percent of all commercial banks in the region and about 80 percent of total banking system assets, though admittedly the coverage is not homogeneous across all countries in the region (Figure 4 ).
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Definition of liquidity buffers
Liquidity buffers are measured by the ratio of liquid assets to customer deposits and short-term funding. Liquid assets include cash and cashlike assets, quoted or listed government bonds, and short-term claims on other banks. Although the breakdown of the numerator components is not available, there are relatively few listed government securities in the region (Shah et al., 2007b) . The denominator includes banks' customer deposits and shortterm interbank deposits. Customer deposits are the main source of funding in the region, with very low reliance on short-term funding (the share of customer deposits in the denominator is 93 percent for the whole sample). Overall, the ratio of liquid assets to customer deposits and short-term funding is close to system-wide liquidity ratios, defined as liquid assets (cash and cash-like, excluding securities) to deposits ( Figure 5 ). We use it as our main dependent variable, and use the ratio of liquid assets to total assets for robustness checks.
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Choice of explanatory variables
Opportunity cost, liquidity shocks and bank characteristics
We use the spread between the lending and the deposit rate as a measure of the opportunity cost. The probability of a liquidity shock can be proxied by a measure of the volatility of total deposits at the system level (we can calculate a monthly coefficient of variation of total deposits for each country, but have only annual bank-level data), or by the volatility of inflation. Past liquidity shocks may also matter: a history of banking crisis could lead banks to become more risk-averse and hold more liquidity.
Given the importance of public and foreign banks in Central America's banking systems, we are particularly interested in testing whether liquidity buffers vary systematically according to bank ownership (public/private and foreign/domestic).
We control for other bank characteristics such as size, measured as the log of total assets. The squared value of this variable captures possible non-linearities in the impact of bank size on liquid asset holdings (Dinger, 2009) . Capitalization is measured as the ratio of equity to total assets. Profitability is measured by the ratio of the net interest margin to interest-earning assets. The loan-loss reserves to gross loans ratio should capture the banks' degree of risk aversion or perceived riskiness of the loan portfolio.
Macroeconomic fundamentals
We use output growth in CAPDR to capture the economic cycle. Financial development is captured by private sector credit to GDP ratio, a traditional proxy for financial depth. We also construct a quality of credit institutions index which combines four variables from the World Bank's Doing Business database 13 focused on credit and legal rights, -strength of legal rights index (0-10); depth of credit information index (0-6); private bureau coverage (percent of adults), and the inverse of the cost of enforcing contracts (cost as percent of claim). Since these variables are correlated, we use principal components analysis to construct an index which captures the underlying common variance of those four variables (See pair-wise correlations in Appendix II. Table 1 ).
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The index is normalized so a value of 12 Empirical studies use both ratios, see Aspach, Nier and Thiesset (2005) and Dinger (2009) . The ratio of liquid assets to liabilities is the most consistent with the notion of CAPDR banks self-insuring against deposit shocks, though banking theory also emphasizes asset-side liquidity problems (Diamond and Rajan, 2005) . 13 Available on the internet at www.doingbusiness.org.
14 Principal components analysis is a multivariate statistical technique that uses n correlated variables, and reduces their dimension such that each component is a linear combination of the initial variables, and components are orthogonal with each other. The components are ordered so that the first component accounts for as much of the variability in the original data as possible. We use the first component as our index of the (continued…) zero represents the lowest quality of credit institutions, and 100 the highest. Although both measures of financial development are highly correlated in some CAPDR countries (e.g. Panama, Nicaragua), they differ quite radically in others (e.g. the Dominican Republic, El Salvador) ( Figure 6 ). Whereas credit-to-GDP is an outcome variable that captures both supply and demand factors, the quality of credit institutions is more likely associated with obstacles to the supply of credit. In this case, the lack of alternative investment opportunities, rather than pure precautionary motives, would also explain high levels of bank liquidity.
Figure 6. Financial Development Indicators in CAPDR
Moral hazard and safety nets
We construct an index variable categorizing the existence of each of the four pillars of a safety net in each country (regulation and supervision, banking resolution, LOLR facility, and deposit insurance scheme). We attribute a value of 1 if the pillar is present and functioning in a country, so the index can vary between zero and four, though in practice all countries have banking regulation and supervision systems in place (Appendix II, Table 2 ). Dollarization is measured as the share of dollar deposits in total system deposits (no currency breakdown is available for bank-level data in BankScope). Net international reserves holdings capture the dollar LOLR function of central banks.
quality of credit institutions in CAPDR, which we normalize to bound its values between 0 and 100 (see Cárdenas and Henao, 2010 , for an application). Total credit to GDP (percent) and credit institutional index (0-100) Table 1 ). 
Data description
Macroeconomic fundamentals
Real GDP growth (-) Imperfect capital markets imply that liquidity buffers should be countercyclical.
Annual growth rate of real GDP per capita.
IMF country desks
Interest Rate Spread (-)
Measure of the opportunity cost of holding liquid assets.
Difference between average lending and deposit rate CAPDR Monitor, IMF country desks.
Country Characteristics
Deposit volatility (+) Higher aggregate deposit volatility forces banks to hold more liquid assets to hedge against unanticipated deposit withdrawals.
Coefficient of variation of monthly system-wide deposits during one year.
IMF country desks.
Inflation volatility (+)
High inflation volatility is a proxy for macroeconomic instability.
Coefficient of variation of monthly inflation during one year.
WEO.
History of banking crisis (+)
Banks in countries that have experienced a banking crisis should hold higher liquidity buffers. 
Moral hazard and safety nets
Deposit dollarization (+)
The higher the dollarization, the lower the effectiveness of the domestic lender of last resort.
Share of foreign-exchange deposits in total deposits (system-wide).
IMF country desks Net international reserves (-)
In partially dollarized economies, NIR capture the capacity of the central bank to act as a lender of last resort in case of a foreign currency shock. 
B. Stylized Facts
At the country level, CAPDR banks' liquidity holdings are above liquidity ratios in larger South American countries, with the exception of Paraguay. Liquidity ratios have remained fairly stable during the past decade including the global financial crisis (though with variations across countries) -and have moved countercyclically, increasing when lending opportunities were low and decreasing when they were high, consistently with modern banking models' predictions. Lower credit demand and implementation of countercyclical fiscal policies during the crisis also led to an increase in banks' holdings of government securities over the past few years ( Figure 7 ). Moving to our bank sample, Table 3 summarizes the relationships between key explanatory variables and liquidity ratios. More specifically, it shows the sample mean of explanatory variables by liquidity quartile (with the quartiles being ranked from low to high). We are interested in whether the characteristics of banks with high liquidity buffers (in the fourth quartile) are different from those with low liquidity buffers (first quartile). Thus the last column of the table shows whether the difference in the means of the variables for banks in the 4 th liquidity quartile versus the first quartile is statistically significant. Overall most proposed explanatory variables exhibit the predicted relationship to liquidity buffers, though not all the differences between the first and last quartile are significant. As compared to those in the first liquidity quartile, observations (bank/years) for which observed liquidity is high also tend to be less profitable, smaller, and private. They also have a lower probability to be in a country with a relatively low interest rate spread, low deposit dollarization, a history of banking crisis, an incomplete financial safety net. High liquidity also seems associated with lower quality of financial institutions.
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However, high liquidity also seems to be associated with lower inflation volatility and higher financial depth. 15 Given that our time dimension is relatively short, and that it covers the period of the global financial crisis period, we are also interested in testing whether the behavior of the main explanatory variables was different pre-, during-and post-crisis. We find that for the crisis years (2008-09) the main relationships identified for the whole sample continue to hold (Tabulations available upon request). 
C. Empirical Analysis Baseline Specification
In line with the discussion in the previous section and similar to other studies (Aspach et al., 2005 , Barajas et al., 2010 , and Dinger, 2009 ), we estimate the determinants of the liquidity buffers based on bank characteristics, macroeconomic fundamentals and country specificcharacteristics.
The baseline specification can be represented by equation (1):
,
Where the subscripts i, j and t refer to bank, country and time (year) respectively. L represents bank level liquidity buffers. We include a lagged dependent variable: if, as predicted by theory, banks target an optimum level of liquidity holdings, then we should expect these holdings to be persistent over time, as shown by Opler et al. (1999) in the case of U.S. firms. Bank denotes variables measuring bank fundamentals and are derived from the balance sheets of banks. Macro represents the macroeconomic determinants of individual banks' liquidity buffers such as real GDP growth and interest rates, and country are observable country level characteristics, including, for ease of presentation, the moral hazard and safety net variables presented in the previous section and Table 2 . Unobservable country and time effects are captured by country (j) and time (t) dummy variables.
Hypotheses of interest
Based on our review of the theoretical and empirical literature as well as stylized facts on liquidity data for CAPDR countries, we will pay particular attention to the following:
(i) Does ownership matter? We test separately for the effect of private vs. public ownership, and domestic vs. foreign. As discussed in Section III, ownership may not only on exert a direct influence on liquidity holdings, as discussed in section of ownership on liquidity holdings, but may also affect the regression slope through interactions with other explanatory variables. To test this hypothesis, we interact the relevant ownership dummy variable (own ijt ) with the other explanatory variables as shown in Equation (2)
(ii) We use the same framework to test whether liquidity buffers (banks perceived need for self-insurance) are higher in countries with more dollarized banking systems, as measured by the share of foreign currency deposits in total deposits. We also test whether liquidity buffers might be higher in countries with less comprehensive financial safety nets.
Estimation Methodology
Equations (1) and (2) are first estimated by Ordinary Least Squares (OLS) using the Least Squares Dummy Variable approach. This methodology enables us to introduce and identify bank, country and time effects on bank level liquidity. However, there may also be unobserved bank-specific and/or country specific time-invariant heterogeneity, which could bias our estimates if not properly accounted for. The error term may contain time varying bank or country-specific characteristics which may be correlated with banks' liquidity ratios. Another issue is potential endogeneity of some of the explanatory variables such as credit to GDP.
To address these concerns, we also estimate equations (1) and (2) using the Generalized Methods of Moments (GMM) developed by Blundell and Bond (2000) and Bond (2002) . GMM estimators are particularly appropriate to address the dynamic panel bias that arises in the presence of lagged dependent variables in samples with a large number of groups (N) and a relatively small number of time periods (T), such as ours. Given persistent liquidity ratios, our preferred estimator is the Systems GMM as it helps overcome the weak instrument problem (past changes do contain information about current levels), and results in improvements in the efficiency of the estimates (Arellano and Bond, 1991, Roodman, 2006) .
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D. Results
Tables 4a and 4b present estimation results of a parsimonious robust specification of equations 1 and 2 above, using the ratio of liquid assets to customer and short-term funding as a dependent variable.
17 Table 4a includes the credit-to-GDP ratio as a proxy for financial depth, while Table 4b presents estimation results including the index of the quality of credit institutions.
Baseline specification
Estimation results from the baseline specification are very robust to the choice of financial development variable (Tables 4a and 4b , columns 1 and 2). They show that liquidity buffers in CAPDR are persistent: the coefficient on the lagged dependent variable is positive and significant. This is consistent with the view that banks target an optimal or desired level of precautionary liquidity holdings, but could also be attributed to the presence of structural obstacles to credit that lead banks to hold higher liquidity buffers.
Liquidity ratios are related to bank size, though with non-linearities: liquidity holdings increase with bank size, but there is a point at which bank size begins exhibiting a marginal decreasing effect on liquidity. This is the opposite of what is found by Dinger (2009) in Eastern Europe, and may be explained by differences in the distribution of bank size in both regions. In CAPDR, the distribution of banks is highly skewed with quite high concentration of assets in a few large banks, as indicated in Table 1 . 18 Liquidity holdings are also negatively related to the loan-loss reserve ratio, indicating that banks with higher savings against potential losses or riskier loan portfolios also tend to have lower liquidity buffers in CAPDR. They are negatively associated (though the relationship is not as robust as for the previous two variables) with the net interest margin, as expected. The coefficient on capitalization is negative and significant in the baseline, indicating that better capitalized banks would tend to hold less liquidity (the coefficient remains negative but is generally no longer significant in the specifications with interaction terms). This is somewhat counterintuitive, as the expectation would be that better capitalized banks would also hold more liquidity buffers, if higher capitalization is indicative of a prudent business model. In Table 4a , the credit-to-GDP ratio is negatively related to liquidity buffers, in line with predictions (though the coefficient is not significant). In table 4b, the coefficient on the credit institutions variable is positive and significant in the GMM regression.
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Specifications with interaction terms-the role of bank ownership
Results indicate that ownership has some effect on liquidity holdings, though mostly through the interaction terms. Our results do not show any significant evidence that private ownership does affect liquidity buffers, though the coefficient on private ownership is positive in the GMM specification (consistent with Table 3 ). Foreign banks tend to hold less liquidity, but the coefficient on ownership is not statistically significant either. Foreign banks with riskier loan portfolios or which are more conservative regarding expected loan losses do tend to 18 In estimations without the quadratic term the coefficient on bank size is negative and robust across specifications as expected from theory and found in related empirical studies (results available upon request). 19 Estimating a more comprehensive model including all macroeconomic fundamentals presented in Table 2 indicate that the results on bank characteristics and variables of interest remain robust. However, as indicated before the macroeconomic variables are not very precisely estimated in our short panel and although coefficients on these variables are overall in line with predictions they are neither always consistent nor significant. have higher liquidity buffers (Table 4a , column 6). This is consistent with predictions and findings in Detragiache, Tressel and Gupta (2008) , which show that foreign banks tend to be more prudent and lend to less risky customers.
Specifications with interaction terms-deposit dollarization
As indicated in columns 7-8 of Tables 4a and 4b, deposit dollarization is robustly and significantly associated with higher liquidity buffers, both by itself (in both tables) and through interactions with other bank-level variables (Table 4b ). The individual effect is quite large: a one standard deviation (34 percent) increase in deposit dollarization leads to a 70 to 100 percent increase in the liquidity to deposit ratio.
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The strong positive association between deposit dollarization and liquidity buffers may however not necessarily indicate a direct causal relationship. The same factors that cause households and firms to hold more dollar deposits could very well also lead banks to hold more precautionary liquidity. 21 Nonetheless, the positive relationship between dollarization and high liquidity holdings would provide yet another reason why the monetary transmission mechanism is slower in more dollarized economies (as in Medina Cas, Carrion-Menendez and Frantischek, 2011).
The interaction with the loan-loss reserve ratio also indicates that prudent banks or banks with risky loan portfolios in dollarized economies tend to hold more liquidity (though the coefficient is not significant in the GMM specification). More profitable banks in dollarized economies tend to hold less liquidity. The relation between dollarization and the quality of credit institutions is interesting: whereas there is a positive and significant association between the quality of credit institutions and liquidity buffers, the sign of the coefficient switches when institutions are interacted with the degree of deposit dollarization. As mentioned above, this negative association may indicate either that high dollarization itself is a result of lower quality of domestic credit institutions, or that sound credit institutions in dollarized economies help reduce bank liquidity.
Specifications with interaction terms-financial safety net
Columns 9 and 10 of Tables 4a and 4b show the interactions with the financial safety net variable. Though not significant, the coefficient on the GMM estimation is negative, indicating that banks in countries with a more comprehensive financial safety net tend to hold 20 Given that reserve requirements are set at the same rate for local and foreign currency deposits in most countries, and that actual liquidity holdings are held above requirements, it is unlikely that this result is driven mechanically by reserve requirements. However, the large standard deviation is in part due to the fact that the share of foreign deposits in total is 100 percent in El Salvador and Panama.
21 De Nicoló, Honahan and Ize (2005) find in a large cross-country sample that the credibility of macroeconomic policy and the quality of institutions are key determinants of deposit dollarization.
(1) (2) (3) (4) (5) (6) (7) (8) Dependent variable is the ratio of total liquid assets to customer deposits and short-term funding. GMM is two-step system GMM estimator with Windmeijer standard error correction. Columns (3) through (10 test the hypotheses that ownership (foreign/domestic and public/private), degree of dollarization and coverage of the financial safety net affect banks' liquidity buffers Ownership is captured by dummy variables (=1 if the bank is private, =1 if the bank is foreign), dollarization by the share of dollar deposits in total deposits at the country level. Safety net is an index variable categorizing the existence of each of the 4 components of a safety net in each country (Appendix II. Table 1 ). All regressions include time and country dummies. Constant estimated but not reported. Dependent variable is the ratio of total liquid assets to customer deposits and short-term funding. GMM is two-step system GMM estimator with Windmeijer standard error correction. Columns (3) through (10 test the hypotheses that ownership (foreign/domestic and public/private), degree of dollarization and coverage of the financial safety net affect banks' liquidity buffers Ownership is captured by dummy variables (=1 if the bank is private, =1 if the bank is foreign), dollarization by the share of dollar deposits in total deposits at the country level. Safety net is an index variable categorizing the existence of each of the 4 components of a safety net in each country (Appendix II. Table 1 ). All regressions include time and country dummies. Constant estimated but not reported. 1/ Credit institutions are proxied by the principal components analysis of the Doing Business variables measuring the quality of credit institutions.
Notes: Robust standard errors in parentheses. *** Coefficient significant at the 1 percent level; ** at the 5 percent level; * at the 10 percent level less liquidity. The interaction between the safety net and net interest margin is negative, indicating as mentioned above that profitable banks in countries with more comprehensive safety nets do hold less liquidity. This is in contrast with the coefficient on the interest margin (without interactions), which is significant and positive in column 10 of Table 4a . Compared with the baseline, it seems that the absence of a safety net would lead even profitable banks to hold an extra liquidity cushion. Table 4b , columns 9-10 show estimation results with the financial safety net variable and interactions, including the quality of credit institutions variable. As in the case of deposit dollarization, whereas the sign of the coefficients for credit institutions and safety net variables are now positive and significant, the coefficient on the interaction term between safety net and credit institutions is negative: when the safety net is less comprehensive and the quality of institutions is low, banks would hold more precautionary liquidity buffers. Further, as in Table 4a , if the safety net is comprehensive, more profitable banks or banks with higher loan loss reserves tend to hold less liquidity.
Robustness checks
As a main robustness check, we estimate our model using the ratio of liquid assets to total assets as our dependent variable (Appendix IV. Table 1 ). Overall results are broadly consistent with the findings presented in Tables 4a and 4b , at least in terms of signs of coefficients. The coefficient on the lagged dependent variable is about twice as large, and the coefficient of the dollarization variable remains significant and relatively large.
Appendix IV, Table 2 presents further robustness checks. These include running the fixed effects regressions as discussed in footnote 16 above (column 3), and looking into the interactions of foreign ownership, dollarization and safety net only for the private banks of the sample (columns 4-9). One caveat is that limiting the number of observations increases the risk of overfitting the model due to too many instruments. Nonetheless, the Hansen statistic's p-value remains reasonable for all specifications.
These additional regressions support our main findings. The relative size of the coefficient on the lagged dependent variable in the pooled OLS, fixed effects and GMM is consistent with expectations: in OLS this coefficient is correlated with the error term and biased upward, while in the fixed effects specification it is the opposite. Good estimates of the true parameter should lie in between or near these values, which is the case here (see column 2 of Appendix IV. Table 2 ). Previous results on ownership, dollarization and safety net hold in the private banks sample, particularly as regards the role of credit institutions in highly dollarized economies or economies with a less comprehensive safety net.
Our results still need to be considered against the caveat of data limitations. The uneven coverage of individual countries' banking systems and short estimation time frame may affect the coefficient estimates from the regressions. Nevertheless, some useful policy lessons already emerge from our analysis. These are discussed in the following section.
V. CONCLUSIONS AND POLICY LESSONS
Our study of liquidity buffers in CAPDR finds that they are comfortably above legal and prudential requirements. With average liquidity ratios of about 25 percent of deposits, banks in the region have handled and are able to handle historic deposit volatility levels outside of crisis episodes (Table 5) . Therefore, the adoption of the new Basel III liquidity requirements in the region should not have much impact on banks' balance sheet.
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Indeed, Basso, Delgado and Meza (2012) find that liquidity holdings in the region already meet or exceed the new Basel III ratios.
A closer look at the reasons for which banks would want to hold liquidity buffers above legal or prudential requirements indicates that CAPDR banks appear guided at least in part by rational precautionary motives. As found in other countries or regions, bank characteristics that influence their ability to raise additional funding on demand play an important role: smaller, lower-capitalized, less efficient and less profitable banks tend to hold higher liquidity buffers. Foreign banks tend to hold less liquidity, possibly because they have access to emergency lines from headquarters. Surprisingly, banks with riskier loan portfolios also hold less liquidity overall, though this is not the case for foreign banks and banks in highly dollarized economies.
A first policy lesson stemming from these results would be to continue with ongoing efforts to strengthen financial sector supervision, enhance financial safety nets and develop financial markets. Greater confidence in the system and more opportunities for investment and Strengthened supervision would help address the issue of the negative relationship between the loan-loss ratio and liquidity buffers, which may indicate that domestic banks, in contrast with foreign banks which are likely subject to strict internal guidelines, may not fully internalize the costs of riskier lending practices. As mentioned, further progress in risk-based supervision would be especially warranted: in spite of notable progress, CAPDR countries still do not meet minimum international standards and lag behind larger South American countries.
Another important lesson relates to the dollarization of CAPDR economies and banking systems and calls for strengthening the credibility of macroeconomic policy and institutions, as well as the coverage of financial safety nets. Our findings show that, in our sample, banks' precautionary demand for liquidity is associated to the degree of deposit dollarization, and the safety net, in each country. Given the lack of dollar LOLR in all countries and the lack of a LOLR in the two fully dollarized economies, our findings suggest that continuing with ongoing efforts to strengthen financial safety nets would be efficient. El Salvador has approved legislation to provide emergency liquidity support to banks, and Panama is considering establishing a similar facility.
Furthermore, maintaining higher liquidity buffers because of dollarization also has negative implications for the development of financial markets, and for the adequate functioning of the monetary policy transmission mechanism. For the countries in the region that aim at transitioning to inflation targeting, tackling the root causes of deposit dollarization should be an important part of their strategy. Studies on deposit dollarization find that it is associated with lower credibility of macroeconomic policy, high inflation, and poor quality of institutions; and also find that financial instability is higher in dollarized economies (De Nicoló, Honohan and Ize, 2005, Gulde et al., 2004) . Arguably, most CAPDR countries have been successful over the past decade at macroeconomic stabilization, lowering inflation and reducing output volatility (except during the 2008-09 global crisis). Nonetheless, financial dollarization tends to persist even when macroeconomic stability is restored and inflation relatively low if institutions are still perceived to be weak.
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Even in tightly managed exchange rate regimes, partially dollarized economies are subject to higher liquidity risks, and our results tend to indicate that, at least to some extent, CAPDR banks do internalize these risks.
With causality likely running both from policies to dollarization and back, measures that would help create a "virtuous cycle" of de-dollarization and lower precautionary liquidity holdings could be informed by the experience of de-dollarization in South America. In particular, in a study of financial de-dollarization in Bolivia, Paraguay, Peru and Uruguay, Garcia-Escribano and Sosa (2011) find that successful, market-driven de-dollarization was associated with (i) stronger macroeconomic policies and institutions, credibly and consistently implemented over time, (ii) active management of reserve requirement differentials and the introduction of other prudential measures; and (iii) domestic currency capital market development. As discussed in this paper, there is ample room for more active liquidity management on the part of the CAPDR monetary and prudential authorities. Finally, measures to develop local currency capital markets, starting with public domestic debt markets, would enhance financial systems' efficiency, diversify sources of funding and investment opportunities.
APPENDIX I. RESERVE AND LIQUIDITY REQUIREMENTS IN CAPDR
Most central banks or supervisory authorities require depository institutions to hold minimum reserves or liquidity against their deposits.
Required reserves 1
In systems with central banks, there are typically two main reasons to require the holdings of reserves:
Reserve requirements serve as a safeguard against both liquidity and solvency risk in a case of a sudden and inordinate demand for withdrawals (as in a run on a bank) or as a result of a need to make sudden large payments abroad, for example. In highly dollarized economies, the prudential purpose of the reserve requirements perhaps carries more prominence as central banks have a very limited ability to control monetary policy in the environment of an overwhelming presence of foreign currency.

Monetary control and liquidity management:
Adjusting reserve requirements is a policy tool for injecting cash (liquidity) into, or withdrawing it from, an economy. This helps to control domestic liquidity, i.e., commercial bank balance sheet growth. Likewise, adjusting reserve requirements could influence the spread between deposit and lending rates, thereby impacting the growth of monetary aggregates and inflation.
Reserve requirements are calculated in reference to commercial banks' deposits.
2
They can be mandated on both local and foreign currency deposit liabilities at similar or differentiated rates, and on demand, savings and time horizons of these deposits.
3
The reserve requirement is usually defined as a minimum amount of liquid assets, cash or cash-equivalents 4 (computed as a percentage of demand and time deposits), that banks and other depository institutions (credit unions, insurance companies) are required by law to keep on hand, and which may not be used for lending or investing. In countries with underdeveloped financial markets, reserve requirements are usually cash in vault, banks' deposits with the central bank or abroad.
In many cases, banks hold liquidity above the required levels at the central bank, especially if they are remunerated.
5
This liquidity could be truly voluntary, implying that banks' hold them for precautionary reasons, and involuntary, reflecting idle balances that banks hold above their demanded levels.
6
In countries with monetary policies, this genuine voluntary liquidity in the banking system may undermine both the central bank's capacity to affect banks' cost of funding and its ability to restrain any rapid unwinding of these reserves, and possible triggering of inflation. This may also induce excessive exchange rate volatility under an abrupt change in expectations, and ultimately jeopardize financial stability. The presence of voluntary reserves could also be an indication of rigidities in the system as excess liquidity creates opportunity costs.
Given the banks' ability to influence monetary conditions through holdings of excess reserves, the monetary authorities ought to carefully monitor these levels. For example, they should ensure that excess liquidity, if needed, could be counteracted by their own provision of reserves to the system. In cases where reserves are remunerated, changing the remuneration rate -rather than conducting open market operations -can signal the stance of the desired monetary policy.
Liquidity requirements
Liquidity requirements are commonly defined as the ratio of liquid assets to liabilities, although definitions can vary by country. Liquid assets generally include cash in vault, deposits abroad, and deposits held at the central bank, as well as liquid securities (central bank paper, quoted government securities). The definition of liquidity requirements differs sometimes quite substantially across countries, as supervisor include eligible securities based on the existence of a well-functioning market guaranteeing that they could be converted into cash quickly and at no or little loss of value.
Application in CAPDR
Reserve and liquidity requirements are relatively homogeneously defined in CAPDR, although there could be differences in definitions of liquid assets. Reserve requirements in five countries consist mostly of cash, cash in vault, and central bank and government securities. In El Salvador, deposits abroad are also permitted as a proportion of a reserve requirement.
7
Eligible liabilities on which requirement is calculated are mostly all deposits, although there are some variations. Some countries limit eligible liabilities to demand and foreign deposits only (Dominican Republic and Honduras). Many countries exclude savings deposits mostly because they are of longer maturity and also because they are not large comparing to demand and time deposits. Reserve requirements in partially dollarized economies tend to be different for local or foreign currency deposits. In CAPDR these average 15 and 15.5 percent, respectively. Dominican Republic has the highest reserve requirement on foreign deposits, at 20 percent (Appendix 1. Table 1 ).
Reserve requirements are stipulated in central bank laws and form a part of a monetary policy toolkit. Costa Rica and Guatemala have kept ratios constant over the past 5 years, indicating that the requirement serves mostly a prudential objective rather than a monetary policy tool (Appendix I. Table 2 ). In Nicaragua a downward adjustment in reserve requirement was taken years before the 2008 crisis and the ratio was kept stable during the crisis. In Dominican Republic there was a downward adjustment in local currency reserve requirement in 2009, to inject liquidity. Honduras appears to be the only country where there was an active management of reserves. Only in Nicaragua, total reserves at the central bank continuously exceed the required amounts.
El Salvador, Honduras and Panama also impose prudential liquidity requirements. In Honduras, the liquidity requirement is aimed at avoiding maturity mismatches. In El Salvador, there is a prudential requirement of maintaining at the central bank a liquid reserve amounting to 3 percent of deposits. For Panama, the liquidity requirement (30 percent) includes a vast array of instruments as liquid assets, even obligations payable to banks in 186 days, but the numerator only includes short-term deposits, which raises the ratio significantly, as these constitute only a small share of total deposits. Over a twoweek period n.a. Prudential Panama n.a n.a n.a n.a Prudential 1/ Honduras also imposes specif ic liquidity requirements, based on temporal bands f or maturity mismatches. For the f irst band, the maturity mismatch in cash f low s f or the next month must be low er than the amount of liquid assets, w hile the f or the second band the maturity mismatch in cash f low s f or the next three months must be low er than 1.5 times the liquid assets. Dependent variable is the ratio of liquid assets to total assets. GMM is two-step system GMM estimator with Windmeijer standard error correction. Columns (3) through (10 test the hypotheses that ownership (foreign/domestic and public/private), degree of dollarization and coverage of the financial safety net affect banks Ownership is captured by dummy variables (=1 if the bank is private, =1 if the bank is foreign), dollarization by the share of dollar deposits in total deposits at the country lev All regressions include time and country dummies. Constant estimated but not reported. 1/ Credit is captured either by a measure of credit institutions, proxied by the principal components analysis of the Doing Business variables measuring the quality of credit institutions. Financial depth is proxied by the credit-to-GDP ratio.
Appendix IV. Table 1. Determinants of Banks' Liquidity Buffers in CAPDR -GMM Estimates
Notes: Robust standard errors in parentheses. *** Coefficient significant at the 1 percent level; ** at the 5 percent level; * at the 10 percent level Dependent variable is the ratio of liquid assets to customer deposits and short-term funding. Two-step system GMM estimator with Windmeijer standard error correction. Ownership is captured by dummy variables (=1 if the bank is private, =1 if the bank is foreign), dollarization by the share of dollar deposits in total deposits at the country level. Safety net is an index variable categorizing the existence of each of the 4 components of a safety net in each country (Appendix II. Table 1 ). All regressions include time and country dummies. Constant estimated but not reported. 1/ Columns (1) and (2) as in Table 4a . Column (3) reports results of the fixed effects estimation. 2/ Columns (4)-(9) show GMM estimation results for the sample of private banks (excluding public banks). 3/ In columns (1)-(3) credit is captured by a measure of financial depth, proxied by the credit-to-GDP ratio. In columns (4)-(9), Credit institutions are proxied by the principal components analysis of the Doing Business variables measuring the quality of credit institutions.
Notes: Robust standard errors in parentheses. *** Coefficient significant at the 1 percent level; ** at the 5 percent level; * at the 10 percent level Appendix IV. 
